Abstract. The aim of the present study was to evaluate the clinicopathological features, benefits and problems associated with hepatic resection of hepatocellular carcinoma in patients aged ≥80 years. Between 2006 and 2013, hepatic resection was performed in 395 hepatocellular carcinoma patients, including 351 patients aged <80 years and 44 patients aged ≥80 years. Clinicopathological examination revealed that the tumor size was significantly larger among patients of ≥80 years of age. However, recurrence-free and cumulative survival rates were similar between the two age groups. The occurrence of post-operative complications was an independent risk factor for survival among patients ≥80 years of age. In addition, the albumin level was identified as a risk factor for post-operative complications. The post-operative transition towards an improvement in the albumin level in the ≥80 years group was significantly lower compared with the <80 years group. It was revealed that hepatic resection was feasible for elderly patients. However, the post-operative improvement in the albumin levels was less marked among patients ≥80 years of age, and lower albumin levels were associated with post-operative complications and prognosis. Therefore, elderly patients undergoing hepatic resection should receive peri-operative management including special nutrition.
Introduction
Population aging has become a worldwide problem in recent decades, and the increasing number of elderly patients has resulted in an increase in the mean age of cancer patients. Consequently, the number of operations performed on elderly patients is increasing. In the Japanese population, the overall incidence of hepatocellular carcinoma (HCC) has decreased due to the decreasing incidence of hepatitis C virus (HCV), while the rate of HCC in the absence of HCV, and of liver metastasis from colon cancer, has increased (1-3). The average age of patients undergoing hepatic resection has increased due to population aging (1) . Several studies have reported on the usefulness and safety of hepatic resection for elderly patients: No differences in complications or prognosis were observed between this population and younger patients (2, 3) . Only a few studies have reported problems associated with hepatic resection in elderly patients (4, 5) . In addition, most reports on hepatic resection for elderly patients have included patients aged 70-75 years as elderly patients, and there have been few studies involving patients aged ≥80 years. The present study sought to clarify whether hepatic resection is feasible in older patients, including those >80 years of age, and to consider whether it would be feasible to undertake peri-operative management in elderly and young patients. The aim of the present study was therefore to determine the clinicopathological features, benefits and problems associated with hepatic resection in patients aged ≥80 years.
Patients and methods
Patients. Between January 2006 and December 2013, 395 patients with HCC underwent hepatic resection at the Department of Surgery (Kansai Medical University, Osaka, Japan). The patients were divided into two groups according to their age: Those <80 years of age (n=351) and those ≥80 years of age (n=44). All patients provided written informed consent prior to treatment and the study was approved by the institutional review board of our hospital (Kansai Medical University, Osaka, Japan).
Methods. The following pre-operative characteristics were compared among the two age groups: Patient age; gender; presence of diabetes, hypertension, alcohol abuse; presence Assessing the feasibility of clinicopathological features of hepatic resection for hepatocellular carcinoma in patients over 80 years of age of absence of HCV; platelet count; prothrombin activity; levels of aspartate aminotransferase, alanine aminotransferase, alkaline phosphatase, gamma-glutamyl transpeptidase, albumin, total bilirubin, C-reactive protein (CRP), cholinesterase, α-fetoprotein (AFP) and des-gamma-carboxy prothrombin (DCP); indocyanine green retention rate at 15 min (ICGR-15); and Child-Pugh classification. Tumor characteristics, including the maximum tumor size, tumor number, tumor stage and differentiation were compared between the two groups. Furthermore, operative factors and complications, including operative method, operation time, intraoperative bleeding, allogeneic transfusion, portal vein tumor thrombosis, background liver condition, post-hepatectomy liver failure (PHLF), bile leakage, as well as the mortality rate were also compared between the two groups.
Patients receiving subcutaneous insulin injections and/or taking oral anti-diabetic drugs were classified as diabetic. Patients taking anti-hypertensive drugs were classified as having hypertension. Alcohol abuse was defined as the consumption of >20 g per day of alcohol for at least 1 year. Patients with hepatitis B and/or C were identified based on positivity for the respective surface antigen, while patients negative for the two were regarded as non-B non-C (NBNC). Hepatic resection included trisegmentectomy, lobectomy, segmentectomy and subsegmentectomy, while partial resection was performed when resectability was limited. Tumor differentiation, presence of portal vein tumor thrombus and background liver condition were determined based on pathological findings. Background liver condition was classified as liver cirrhosis with chronic hepatitis or normal liver. Liver cirrhosis was defined as stage F4 according to the METAVIR classification (6) . The tumor stage was determined according to the Tumor-Lymph Nodes-Metastasis (TNM) classification (7) and PHLF according to the guidelines of the International Study Group of Liver Surgery (8) . Bile leakage was defined as continuous gross bile drainage lasting ≥3 days and drain-fluid bilirubin levels as >3 times the serum bilirubin levels or drain-fluid bilirubin levels of ≥5 mg/dl. Complications were defined as grade II and higher according to the Cavien-Dindo classification. Recurrence-free survival and cumulative survival rates were compared between the groups. In addition, the independent risk factors for survival in each group were investigated. Albumin, cholinesterase and CRP levels were measured 1 day before surgery and 1, 3, 7, 30 and 90 days after surgery. Improvements in these parameters were compared between the groups.
Statistical analysis. The Mann-Whitney U-test was used to evaluate continuous variables and the chi-square test was used to evaluate numerical variables in the univariate analysis. Kaplan-Meier analysis and the log-rank test were performed to examine cumulative survival and recurrence-free survival rates. To examine prognostic factors, each patient group was divided into two subgroups according to the median of continuous variables; univariate analysis with log-rank test was performed for these subgroups. Cox regression analysis was used for multivariate analysis. Multivariate analysis was performed for factors with P<0.05 according to univariate analysis. All analyses were performed with JMP version 9.0.2 (SAS Institute, Cary, NC, USA). P<0.05 was considered to indicate a statistically significant difference between values.
Results

Patient characteristics.
The patients' background characteristics are listed in Table I . The mean patient age was 67.4±8.9 years in the younger group and 83.0±2.9 years in the older group. There were no significant differences in the prevalence of diabetes, hypertension or alcohol abuse between the groups. However, there were significant differences in certain factors associated with the etiology of HCC. The older group contained significantly less cases with NBNC status than the younger group (32 vs. 52%; P<0.01). Factors associated with background liver function were similar between the groups, with the exception of prothrombin activity (87.7±13.6% in the younger group vs. 91.8±11.5% in the older group; P= 0.04). AFP levels, used as a tumor marker, were similar in the two groups; however, DCP levels in the younger group were higher compared with those in the older group (P=0.03). Table II shows tumor and operative factors according to the age group. The maximum tumor size was 4.7±4.4 cm in the younger group and 6.4±7.5 cm in the older group (P= 0.02). The rate of pathologically diagnosed liver cirrhosis was significantly higher in the younger group than in the older group (30 vs. 6%; P<0.01). In addition, the prevalence of advanced-stage cancer according to the TNM classification staging system was higher in the older group (P<0.01).
Tumor characteristics, operative factors and complications.
The incidence of post-operative complications without post-operative delirium was similar between the older and younger groups, with PHLF occurring in 11%, bile leakage in 2 and 3%, and other complications occurring in 27% of each group. Complications other than PHLF and bile leakage in the younger group included refractory ascites in 31 patients (9%), surgical site infection in 17 (5%), pneumonia in seven (2%), pleural effusion in five (1%), methicillin-resistant Staphylococcus aureus infection in four (1%), ileus in three (1%) and other complications in eight patients (2%). By contrast, complications in the older group included refractory ascites in six patients (14%), surgical site infection in two patients (5%), pneumonia in two patients (5%), pleural effusion in one patient (2%) and ileus in one patient (1%). These complications were also similar between the two groups. Furthermore, the post-operative delirium occurred at a rate of 75% in the older group, and 15% in the younger group (P<0.01).
The mortality rate was 4% (15 patients) in the younger group and 2% (1 patient) in the older group. This difference was not statistically significant (P= 0.51).
Outcome. Figs. 1 and 2 show the recurrence-free survival and cumulative survival rates for the two groups. The 5-year recurrence-free survival rate was 29% in the younger group and 21% in the older group. The 5-year cumulative survival rate was 53% in each age group. There were no significant differences in survival rates between the groups.
The independent risk factors for survival according to age group are listed in Tables III and IV . Among patients <80 years of age, univariate analysis showed a significant correlation between survival and prothrombin activity, total bilirubin, albumin, AFP, DCP, ICGR-15, the number of tumors, maximum tumor size, frequency of blood transfusion and post-operative complications. According to multivariate analysis of these factors, albumin levels, AFP and the number of tumors were independent risk factors for survival in this age group. By contrast, among patients ≥80 years of age, univariate analysis revealed a significant association between survival and AFP, tumor number and post-operative complications. The occurrence of post-operative complications was the only independent risk factor for survival in the older group according to multivariate analysis (odds ratio, 4.30; 95% confidence interval, 1.49-13.25). By contrast, the odds ratio in the younger group was 1.18.
Nutrition and inflammation.
In addition, the present study assessed peri-operative albumin, cholinesterase and CRP levels as indicators of nutrition and inflammation. Figs. 3, 4 and 5 show the peri-operative changes in albumin, cholinesterase and CRP levels, respectively. Albumin levels prior to and at 1 day following surgery were similar between the two groups. However, albumin levels were significantly lower in the older group than in the younger group at 3, 7 and 30 days after surgery. This finding indicated that improvement of albumin levels was inferior in patients ≥80 years of age relative to those aged <80 years. In addition, cholinesterase levels at 7 days after surgery were significantly lower in the older group than in the younger group. However, changes in CRP levels over time were similar between the groups. These results indicated that, although post-operative inflammation was similar between the two groups, nutrition in patients aged ≥80 years improved more slowly compared to younger patients.
Factors associated with post-operative complications.
Finally, the association of factors including albumin levels with complications was assessed. Table V shows the association between various parameters and the occurrence of post-operative complications among patients ≥80 years of age. Patient background characteristics, tumor characteristics and operative factors of patients who experienced complications were compared with those of patients without complications. Albumin levels were 3.5±0.4 g/dl in the complications group vs. 3.8±0.4 g/dl in the group without complications (P=0.02). In the complications group, ICGR-15 levels (P=0.01), operation time (P= 0.01) and the occurrence of inter-operative bleeding (P<0.01) were significantly higher than in the group without complications. In conclusion, low albumin levels as well as increased ICGR-15 levels, operation time and inter-operative bleeding were associated with post-operative complications in patients aged ≥80 years. Moreover, an observation of the present study was that the occurrence of post-operative complications affected patient prognosis.
Discussion
Population aging is one of the major problems worldwide. According to the United Nations document, 'World Population Prospects, the 2012 Revision', the proportion of people aged >65 years in 2010 was 7.7%, and it is expected to increase to 17.6% in 2060. It has been reported that elderly HCC patients generally have good hepatic functional reserve and that treatment methods involving ablation or transarterial embolization are administered more frequently than hepatic resection in this age group (9) . In Japan, the mean age of HCC patients has also increased over time (10, 11) , and it has been reported that a considerable number of these patients have cirrhosis and early-stage disease (12) . The reported characteristics of elderly HCC patients who undergo resection include a high percentage of NBNC cases, lower albumin levels despite good hepatic functional reserve, and a high prevalence of hypertension and cardiovascular disease compared with younger patients (13, 14) . The prevalence of cardiovascular disease was similar between the groups of the present study. However, a significantly greater percentage of patients in the older group had pulmonary disease. Although the number of elderly people living independently has increased, elderly people generally have more comorbid disorders compared with younger people. However, the present study found a similar prevalence of cardiovascular disease between the groups. It is possible that for patients ≥80 years of age with underlying cardiovascular diseases, other treatments, such as radiofrequency ablation or transarterial embolization, were pursued at a higher rate than for those <80 years of age. This difference in treatment selection may also account for the similar rates of post-operative complications between the groups of the present study.
However, a significantly higher percentage of patients in the older group had post-operative delirium compared with the younger group. Major operations, such as those involving the stomach, colon, rectum, pancreas and other organs, are generally feasible in elderly patients (15) . Numerous studies have described the usefulness of hepatic resection for elderly patients with HCC. Specifically, elderly and younger patients Table III . Independent risk factors for post-operative survival in patients aged <80 years. AST, aspartate aminotransferase; ALT, alanine aminotransferase; ICGR-15, indocyanine green retention rate at 15 min; AFP, α-fetoprotein; DCP, des-gamma-carboxy prothrombin; HCV, hepatitis C virus; HBV, hepatitis B virus; NBNC, negative for HBV and HCV; CI, confidence interval.
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were reported to have similar complication rates, duration of hospitalization, prognoses and recurrence rates (16, 17) . Surgery is reportedly safe even in cirrhosis patients (18) , and the same post-operative management approach can be used in elderly and younger patients (19) . One reason for the safety of hepatic resection is the use of improved surgical methods and drugs, resulting in decreased post-operative mortality (20) . However, elderly patients have a higher pre-operative complication rate and are in a poorer overall physical condition compared with younger patients, which should be taken into account during peri-operative considerations, i.e., not every peri-operative factor will be similar between younger and elderly patients. For instance, a previous study reported more post-operative complications in elderly patients vs. younger patients undergoing gastrointestinal surgery (stomach, colon or esophagus) (21). Particularly, elderly 
Univariate analysis
Multivariate analysis patients with underlying cardiovascular conditions are prone to be affected by a higher rate of complications (20) .
The present study aimed to identify problems associated with hepatic resection in elderly patients, differences compared with younger patients and important points concerning peri-operative management. It was revealed that post-operative complications associated with blood loss, duration of surgery and albumin levels affected the prognosis of elderly patients. Evidence for a link between complications after hepatectomy and prognosis for HCC patients has been provided (22) . However, it remains to be fully elucidated via which mechanisms post-operative morbidity influences the long-term outcome of cancer patients. Major surgery causes a systemic inflammatory response and immunosuppression (23) , and post-operative morbidity may exacerbate these conditions. It has been speculated the survival and subsequent growth of tumor micrometastases is promoted by prolonged systemic inflammation and immunosuppression associated with post-operative morbidity. In the present study, blood loss, the duration of surgery and albumin levels were associated with post-operative complications, which in turn have been previously reported to affect the prognosis (24, 25) .
Certain studies have concluded that liver resection for HCC is feasible in patients >80 years of age, as their short-and long-term outcome is similar to that of younger patients. By contrast, other studies have reported problems among older patients. One study reported that, although hepatic resection is generally feasible in older patients, those with pre-operative complications had more post-operative complications, particularly patients >80 years of age (23) . Of note, one study found that the mortality rate among patients >80 years of age was similar to that of younger patients, but that patients >80 years of age had a lower incidence of liver-and HCC-associated mortality, and a higher incidence of mortality resulting from other causes (24) . The authors concluded that meticulous pre-operative assessment and post-operative care are important in patients >80 years of age. The operation time, American Society of Anesthesiologists (ASA) physical status classification, blood transfusion and other factors have been reported to contribute to post-operative morbidity (26, 27) . A score based on age, presence of cardiovascular disease, pulmonary disease and diabetes mellitus, as well as performance status and the ASA score, can be used to predict post-operative morbidity (28) . In the present study, albumin levels were a predictive factor for post-operative complications; furthermore, post-operative improvement in the albumin levels among elderly patients occurred more slowly compared with younger patients. To the best of our knowledge, the present study was the first to report the long-term changes in post-operative nutritional status, including albumin levels, in younger vs. elderly patients. One reason for the lower levels of improvement in the post-hepatectomy albumin concentration in elderly patients may be their decreased hepatic blood flow, as hepatic portal flow decreases with age (29, 30) . Moreover, liver regeneration in elderly patients is slower compared with that in younger patients (31) . Based on these findings, operations should be performed carefully to avoid morbidity, particularly in elderly patients. In addition, because low albumin levels are associated with post-operative morbidity, peri-operative nutritional care is important in elderly patients. The branched-chain amino acid-to-tyrosine ratio, which is a marker of nutritional status, is associated with post-operative complications and administration of branched-chain amino acids reduces early HCC recurrence (32, 33) . Therefore, it is important that elderly patients are peri-operatively administered branched-chain amino acids.
In conclusion, hepatic resection of HCC is feasible in selected elderly patients without severe comorbidity. However, the avoidance of post-operative complications is important, since they adversely affect patient prognosis. As poor nutritional status is one cause of post-operative complications, elderly patients should receive appropriate peri-operative nutritional care. A limitation of the present study was its single-center and retrospective nature, and further research involving multi-center, prospective studies is required.
